FEDKFERRE 2017 £ 7 B, 24(4): 791-801

Journal of Fishery Sciences of China

DOI: 10.3724/SP.J.1118.2017.16347

(S RERE R E R 2 B EE RIFF KR IHIE

IH, FXE, ki k!, kAH"

L AR WRSR A R E SR %, IR 58 266003;
2. T IR SEARRZ IS, Bl P S i RO EE, IR F 5 266072

FEE: N T 88 RE(Zostera marina)ti Br i 25 #) i 2 2E W TR, 43 B A5 2016 R W A AR AL AUR I D AR T2 ),
DA LLAR 2R3 T 3890 588 s DA B S 0T 5, SR T 35 0 e ] R0 7 R A JECAR s 3 g 45 381 17 V9 ke L i T 220 T OV 4 19 7
(BA T 4G), WIER= ., AHAE R . 16S (DNA F1E &3 A nifH 2507 6 TR SES 705 AL, 5 Bk 0 i
FEREFR AR IS T R bR AL K 2R . 25 SR8, TRAK 3A I E TR (Thalassospira), #2% [CPHIER, BV BIIEAS
wefo, °fF AR : D-H#E0E, D-1A =0, L-RAEESE, it SR 2.585%, pH 8.18, 1&/% 31.49°C; Mtk
4G M FAMFTF R (Bacillus), #2% [CHIMER, Wig BRI A @, 7R AR D-2F48 8, D-#%E, D-Z 20, i
W5, D-H 80, D-HFSEEAs, Blhis e st 005 2.920%, pH 7.99, IR 37.27°C . FIH LBk B E — % 1 [ A
B, 3912 252.21 nmol C,H,/(mL-h)#1 196.31 nmol C,H,/(mL-h), WFEIE 52 P bR bR LA B p9 15 A 2 fE, =
FH 0 B [ SIS OB, £ 00 PR A S R Ge R R Y 5 LA W A 1 1 R i 5

KRR MR [AAUA; 16S 1DNA; [ RMHE L, ZF AT 5 e

HESES: S95 MHER SRS A

VA S M — W LS P T AR T IR O FE AR 2
KRBT, B A AEIRAT . WA R
ORI IR AKX, ELAA AR 0 A 7 K B Y
AERTRE R AT E . AR, IR IE G E
A ST RE IR A SR LY, R 131
MR AN, HIY R IE A e,
(1A A 5 R A, [ A0 T s 9 RS 1 AR /> | Mg B
WAL LS A, AR B 0 A T R 68
#i(Zostera marina)% 5, {HiE 20 4E, fUILARA
R T T SR AT R A 90% 1 1 B R AR TRGH 2,
T 2 o R T BRI REIR 29% 0 81 2 R
VPR PR S R B T AR AE JE I

Tl A ) A A BR (0 Ak 4 0 26 v 2 15 2 T BAE
FAUY T RS T AR ] B ROV T S a2
Y BAE I KRR i FREEORE, B354
FOGFRO P o A R AR Z, £ LA

i BHEA: 2016-11-24; 1&iT HHA: 2017-03-03.

XEHS: 1005-8737—-(2017)04-0791-11
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s SE s | i i [ SR A AR AR ] ]
SRR R . 1904 4F, FEEREY K Lorenz
Hiltner™ i K42 T AR BR MO ME s, b o SR AR
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GRAZZSIREE, ARPRICAE Yy B MR 2 AR S
AV FERZ, RPRE R RS A SR
FAE R B ME RN AR PR, PR 2 3
TEMI BT IR 2 TN AR REAR PR IR o,
AT 1A SR 53 D0 AT BB D 1 2 T 4 14 1 Bl D
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WBRIRAEBRG TS 5 AGH HE Y IR
s Z M, JF H R Z B0R A5 oK B 45 4l 53 25 1%
Fto HEDNEEIRA S RGP ARG A RERAE Y
ZAE TR ) B A S SRR T X VR 45 A 1 o B, A
Kbt 5% 2 Bl e AE SR I e BE Y R G 4 B 40 A
o BE TRy 9 AE e R S v i R 6T 3 B 45 I
Weidne 25U VR 40 15 350240 M7 1 53 %% (Halo-
phila) 3B W Z M Bagwell 2607 A
T B 5 Jid L UK B R IF 9 % B, L AE K B (Spartina
altemiflora) 3t {4 [ % 8 K £ /& KA E ; Jensen
USINFH] T-RFLP 3E0F98 1 68 55 AR Rt i A= 40
W o 124, [E N 5C T R 2 B AR AR W B s R
AORTSEHRIE R, AL 2004 4E 1 LFZESIMNH A
KEF o 19 8 — R Fwsarfum sp.; 2010 4F
HEEEI N 28k % (Thalassia hemperichii) 42515
3|k [H & 4172 i (Pantoea. agglomeran) il 2012
AF S T I 2TV ok E R4y B RS Y Tk 4k T
(actino bacteria)FHICHIFY, M C T RRAER R G
o BOAR PR A= [T U ) 3 28 I Re R v A WA

AHIE ST LA ZR 58 L R G g FE R AE R R G
1) 68 B Ry S0 52, R T SR B [ U3 5 2k D 6
FARLBR 3 B B T bR EL AT A ey [ U0 I M A TR PR
3A I 4G, JFMIESFARE . AR BAARRRE . 168
tDNA DL nifH [ 3% R 591 5340 55 7 T kA 7 fh
FRUETE, WTRRRR I BE R | s pH DL SR fERR
JEAE R SRS T A, AE LR FERE LI E T
AT B SR A K 2, DUR A 1 20 PR AR 1) e A
Wi o, B RN o 245 B 28w T AU T M
AR T E A ENE R, s 5ORZ 3 A 3
RO BGOSR

1 RS

11 HRRE&E

B R 4 S A T L AR B R BT R R T
(36.43°N, 122.26°E), Ho ] F1iE 7 X 85 A5
BHREGE, LT KEFEREIK, 2014 4F 8 H,
T R T 5 5 B A X AR IR X A 4R 1% 12 AN RFE A,
FEAN 3 R AR 6 MRATLIE 1Y) 0 B AR S B LA A,

EERFHURY), HINBEAER R R 1~4 mm
N ASTTAR /N B F 8 1 KR R A4S 5 IR AT
Fokg i Ry S = 5 T 4°C kAR
e

12 EHRE

PR [E R R MRS SmithPO i i Oy w47
Te R, HTAreEs . aifh 0 A 1 2w s PR
5E: FeS04-7H,0 0.001 g, KC1 0.56 g, MgCl,-6H,0
4.0 g, NaCl 25 g, MgSO4-7TH,0 4.8 g, K,HPO,4 0.01 g,
Tris 0.48 g, M 4.0 g, BERH) 2.0 g, HYH 2.0 mL,
H4isK 1000 mL, pH 8.2,

LB 73R TR R . S Al b i [
W10 g, BEREKY S g, NaCl 25 g, #8467k 1 L.
AR FRFE TR AN 2% A9 BE0E, 1x10° Pa iR B IR
FRIRKH
1.3 HHMIBE54K

B 1 g BB FEARPRUTEY & T 200 mL [ RERE M
R AR FE 3 R, T 30°CF 180 r/min $% FRAH i
IR 48 ho N4 E RS Y TR VBRI AN [ A6
(107, 10°°, 107), MEHL 200 uL FHBE A Tk
PEE SRR, BB 3 AN EE, 30°CHEEK:
Fr 48 h, PRHUR—B % 2 A L aifb A4 .
14 BEHRHOEBENLEE

B PQ YL R A I 2 T i R R AR Y
WY o R g alifb i E bR IR R LB B R
5, 30CHIFRAK, Ym G BB R a4
PTEATIR/D, SRS 24 h IR BE T RRAE

20 B 1) A B A 2 AR TR P i AR R
fiE. ¥EF 18~24 h Brf 8532 TRk, iz Mg BLIR
VITEK 2 Compact 4= [ 21 4 F& 4 a2 {34 1 2 U
BRI A B A AR RAE
1.5 M #k 16SrDNA #0 nifH EE /) PCR ¥

EAME IR AT, i 16S rRNA Y 16S
rDNA SR BA RAarr it sr ik, hFeRa
& AT BE (A0 1.5 kb), LR 5 AR EE B A
DERC ) B A8 Sk, BT LR 40 B 0 T 58 bR
WEARIRF S B 43 2R3 3 400 075 3R A5 10
NP EAP T LB WA SE 373, 37°C . 200 r/min {8
EEFRAR, ¥ 1 mL SRR FRAY BRI 10000 r/min
B0 2 min, 3 B3, WERK, EH LEETH
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MRS N 4] DNA $2 B0 & FEHUE & DNA,
DRGSR LSS 240 DNA SRR, DIAiE
16S tDNA 47558 1514 27F/1492R>HI# %
FE[A nifH $52 89519 PolF/PolRPY3 5l 4T PCR
P4, 16S tDNA 2FHP 48 5k 94°C A
5 min; 94°C 30's, 58°C 30's, 72°C 30 s, 35 MEE;
72°C 10 min, nifH JEEY 3G 5K 95°C i AR P
5 min; 95°C 30's, 60°C 30 s, 72°C 45 s, 35 MEF;
72°C 7 min, B 2 pL PCR =¥, H 2% B AS i ke
JBE L VKR AT 7 M S

PHI PCR =ik A w3 E A2y
BHE A BRA G F, Br 5 0y 25 5 o 3
DNAMAN Flfrit & KSR G T 5, Rk &1k
J¥ 51 76 NCBI £ 48 & 58 BAH L1 b xF, A
GenBank 4 4 H 5 ORI 5 1 LR B B 168
rDNA 7%, iz Clustal X B2 5 551 Xt It
THE TR T 91 [B) AR, K i 5 R [T 4 D )
FEFF AT L LAl B MEGA 4.1 #FI0 48 4%
¥4 8 Neighbor-joining # b #, 12 Jukes-
Cantor )7 Kimura’s 2-parameter PR 15515, Bootstrap
PEA(E N 1000 WK, #H1TRGE KT T
1.6 ElREFEERKS

M5 Dong 25527y Ty vk HEAT B bk [ 2R IEHIG
PRI R, K CRAF 10 TR PR 5 4 1 2 R 1 1
RIBARRE S5, fHIR 30°CHE 3% 72 h J5 48— %

ODgoo, K 1 mL R ANA 5 mL F 01 T %5 HEAE R,

S AREL 1 mL LB A, 30°CHE IR IR 7 B 57
24 h 5, HUA40 pL S5 SRETE A Eag A E
FEA R CIREE . DL/ N R 2 T SR Y AR
# 2 [nmol C,Hy/(mL-h) 137~ B 2B, 115
w R

Z B iR J5 3% P [nmol/(mL-h) =13 A Fr <k
N (mL) % B AE S U BE (nmol/mL) x ¥ iy 2 4 I T
H(em?) x JIF A PR B (mL)/AE 7 AR AR (mL)/
FR v UG TG AR (om®)/ 4 SR )R] (h)/22.4
1.7 HAEEFZGHUHAR
1.7.1 RE HEEENARGERRIEMNT LB W
RIGFRE B, BREM 4 AP, aalE T
15°C, 20°C. 25°C. 30°C. 37°C. 40°CHF4+
180 r/min [HIEIET% 48 h, M %E H ODgoo M F-H1H,

i R TR AR P e 2B TR
1.7.2 pH HUEERNHE S IR T R4 pH N
50, 6.0, 7.0, 8.0, 9.0, 10.0 iy LB ¥{ARK;F 5
I, & pH 4 447, 30°C T 180 r/min [H IR 7
¥ 48 h, W I ODgoo 1T F41H, i 5 Bk 1Y) i
# K pH,
1.7.3 EhFE  HUAE A DA R SR IR B S AN
FEE BN 0.0.5% . 1%, 1.5% . 2% 2.5%. 3.0%.
3.5%.4.0%M LB #4573 I, 30°CF 180 r/min
JE IR IR 48 h, W5 H ODgoo S48, i 2 B Bk
)l A KR
1.8 EHRERKHMEHNE

WA MG LIS, BF T 200 mL % LB
W AR R FR 3, 76 30°CF 180 r/min fEIRHE 12 h
VE N TE I B o 4% 2% 2 T B R R T 45 78
R B3 B A K S5 E 1Y 200 mL LB AR RS 352 34T
e, %5 EBRiC N Oh, 2h, 4h, 6h, 8h, 10h,
12h, 14h, 16 h, 18 h, 20h, 22h, 24 h Y 13
TIHEIRE S, SRR 0 h AN H A 12 S
B IV B R AR B R 1 TE R R A PR
I, BERR 2 h BB R 45 W TR, AR Y LB
WA 2 35 R IR, 7E 600 nm 199% K F iz H140t
B T R TR AN [ 955 3% B[] B VY ODgoo fH,
RAFEREZ NG 3 WHBCFEIE . DO R 155 57
Asf TR] Ay A AL B, ODigoo 18 A DA A A 22 il B8 A 114 A
ik .

2 HREHMH

21 BERENSBFEMBESRSE

T R SR RS AR B UR AT, DA KT W)
FARPRATEE] 10 PRAETE BE£EME M A 3R 3 b
Kk, gt s Rrysrsaife)s, By 10
PRETHE RO E ML nifH HEATR 0%, B R 2
PRIE PR 145 2 52U 5 5N . — kg5 R
SA(E 1), TEARFRRIETHEAR By FRIRTE, #586,
e, BRI, NEH, BB, Bk, %St
FRHER. —aT R 4G(E 2), TBE¥
FRIE R HAR R FPRE, FLaa, S6, B, 2k
B, B, Bk, Z%E5T, 2 KR,



794 K 7 R 2

%24 %

Nl

N, 5,
B 1 RRS6EEAR PR B I E IR 3A B A RHRE

a. [REIEIRIE LIREIEA; b WAREE R @
Fig. 1

Morphological features of strain 3A isolated from
rhizosphere of Zostera marina

a. the colonial morphology on N-free medium; b. gram staining

for strain

S @ fen 4,
P2 KRG W) A8 R AR B o) 2 Y TR R 4G TE 2827 R E
a. BRI L REIES, b Ak 2 IRG@
Fig. 2 Morphological features of strain 4G isolated from
rhizosphere of Zostera marina
a. the colonial morphology on N-free medium; b. gram staining
for strain.
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22 ERERNEEENSE

A AR AR RRAE 000 1 0T LA Jz I R R 1) A B
fiE, S HAS By BEFP AR 8 42 s S o i 1 A R,
T AT DA 3 A 0 DX 0 AN TRV S o AR A A EEL 3%
VITEK 2 Compact 4= [ 2l 41 B A AL 53 A 45 2R
H2% (ARMEEETM) P, BHEk 3A
A BRAACRRAE ISR, AR AR, FE AT R
NP, ARG . JE R RN B, V-P I P,
AR K M B, RT R 8RR D-H 284, D-FA —
b, L-BRZ0ESE, NRHMPEREL . bk 4G A3
A ACRRAE R SRR, 7 AR I, R EAT RN B,
AL . kRN PHME, V-P ISE BT, B K
P, TR A BR IR D-2F 4 0, D-3 458,
D-ZZ 20, HEME, D-H#EE, DB s, SR
R IV, AR AT ERRER N —IREGR 1),

FT1 BEHREBEENFE
Tab.1 The physiological and biochemical
characteristics of two strains

3A TEBE 4G T
strain of 3A  strain of 4G

H FEAALERIE characteristics

R[S A Indole production - +
T EEZT methyl red + +
AALRE oxidases _ i
VEMI I amylase _ i
V-P JJif Voges-Proskauer reaction + +
MK /K fi# gelatin liquefaction - -
W R ARG lysopine dehydrogenase ND _
B Z B FREE ornithine decarboxylase ND -
o-Hi %M a-glucose ND "
D-H#&## D-mannose + ND
D-#A =% D-melezitose + ND
L-flZ=8E L-rhamnose + ND
D-ifg #b% D-trehalose ND 4
D-#i % B% glucose ND +
D-Z % B D-maltose ND +
MEME sucrose ND +
D-H # B D-mannose _ +
D-£- 4k —H D-cellobios ND +
FrEERRER citrate — _
#ifb & hydrogen sulfide ND _

N _FRELFIFH saline malonate - -
TE: “+” RRHRR NN FAYE; <2 Btk R Bk, ND 2%
TRATE .
Note: “+” denotes more bacteria was positive reaction; “—” denotes
more bacteria was negative reaction; ND: not determined.

2.3 nifH EEY 18K E R EEEENE

[e] R it 2 A A 0 BRAT T R ) R Y OC B Tl
nifH 3 PR Sy [ R0 1% H 220 iR 48, i i) 2
s RS, IR HS 16S rDNA H RS &
BFRA —SCHER, al 4R BAUM A Y 4 F AR
ico 32 nifH FEIE5 190 B 20 10 BRE R
T HBEEA YRS, H 2 #knbk by 15453 nifH
FH, HM R BAKRE 360 bp 247 (B 3).

1B PGB IR E T o3 B A B 2 R A
TR T R P, 3 e B & pe i IR AR S OB
th, TEPE 3A ARG A 252.21 nmol CoHy/(mL-h),
kR 4G A B & BETE  196.31 nmol C,Hy/(mL-h),
S5 G nifH & PRI 398 R 1 280 T P 0 A A 2 o T
PR 3A Fil 4G B EA A RE
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DL1000

3 nifH ZEA PCR 4 4]
Fig. 3 Amplification of the nifH gene of the isolates

24 T ¥k 16S rDNA F35) PCR IR RSEA ST
SHT

Hikk 3A Fl 4G 11 16S rDNA JE 545 R 3258
#| NCBI 1Y GenBank ¥4 %2, ifiit BLAST 7E4k [

52

64

61
0.0005

XF, HEMS 3A 4G TE R IR T R 16S
rDNA JPHI RS R BRI (B 4, Kl 5). )
i R MR T SR AE . A BRA AR LW AT 16S tDNA
PO RGE KB MNEG T, 3A Wik S ZFHATHE
Bacilus firmus strains S26-2(DQ 514315.1)A54H I
JERT 99%, % 3A KN ZFHFF 1H (Bacillus),
44~ Bacilus sp. 3A, J&JERER ] (Firmicutes),
ZE LR I 49 (Bacilli), ZF fid#F & H (Bacillales), 2
FFFEFH Bacillaceae), GenBank %5554 KY659582;
4G W 51)EE Thalassospira sp. PR54-1(EU
440798. )AL KT 99%, %5 4G Btk M
JiE 1 (Thal assospira), i 44 7 Thalassospira sp. 4G,
J& 25 ¥ 1 ] (Proteobacteria), o-7% ¥ I 44 (Alphap-
roteobacteria), ZI 12 H (Rhodospirillales), £I 12
# F} (Rhodospirillaceae), GenBank % 5% 5 N
KY659583,

IREE EHIFF B DQ514315.1 Bacillus firmus strain S26-2
sp. 3A

X5 SEHUATE KT226109.1 Bacillus firmus strain PJS1
HEHAFE FI529042.1 Bacillus sp. W-SL-2

RSB ZEHFF B NR112635.1 Bacillus firmus strain NBRC15306

ZETATHE FI889615.1 Bacillus sp. BRO28

K4 Btk 3A JHAOCE BRI 16S rDNA J751 R 5t & & #EALR
Jr SCAEBCT R 1000 U Bootstrap FEANFEZMIT 19 SCHF FT 4 EL; A5 R 0.0005 Sy AL .
Fig. 4 Phylogenetic tree of strain 3A based on the 16S rDNA sequences of related species

The value in the branch stand for the Bootstrap value; the tree is based on a 1000 bootstrap procedure the scale bar
0.0005 in terms of genetic distance is indicated below the tree.

63 —— MEER EU441000.1 Thalassospira sp. PR54-1

67—  sp. 4G

0.0005

a- BTG FH DQ768629.1 Alphaproteo bacterium MARC4K

YEHER KP704219.1 Thalassospira sp. HJ

WEIER EU440798.1 Thalassospira sp. PR54-1

BlS  TEkE 4G KA SCH BRI 16S IDNA [P R 5% & #Eb
53 3L B3R IR 1000 K Bootstrap FAAE M AY SCHE 1173 He; AR 0.0005 Dy BEALIHTE.
Fig. 5 Phylogenetic tree of strain 4G based on the 16S rDNA sequences of related species
The value in the branch stand for the Bootstrap value; the tree is based on a 1000 bootstrap procedure the scale bar
0.0005 in terms of genetic distance is indicated below the tree.
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25 BEHHRMEFEHG

ODgoo A2 58 IR AR 55 5= 9 v 40 81 2B K i b 1
Tk, HHETE 600 nm P AT WG E Bl Y TG K 4R
R TR i, PR PB4 G {2k
BRI WA W R e B (T ) ML EEE ODgoo B 22
PRENESCZR, AT T4 T A K i e i A A0t
FEBON AL S DURIERI Y LB IR 5 3R A
Fas FANTIR . SR AE R L ODeoo WOGAE AL AR,
FRFR A AR o R AL bR, AR AR AR
251 BREMBEKERKBIZW WE 6 Fix, M
05 AR PR U 4 B AR B 2 BRIEI A BEAE 15~
3TCHIfRAERK, iEEHMAERKEELE S 25~
37°C, HHwivk 4G SRS, 76 40CHn]
AR WAREI EGE REAFEZ S, Wk 3A A
4G 3 HITE 30°C | 37°CHY, XFRZ Y ODgoo G fi
IR E 2 K (P<0.05)  iRPEBRIS 215,
Pk 3A 1 4G fad A KRN 31.49°CHI 37.27°C

+3A —y=-0.0004x*+ 0.029x2— 0.6364x + 4.6107 R'= 0.97881
4G - y=-0.0003x>+ 0.0241x— 0.5463x + 4.054 R'= 0.90364

10 15 20 25 30 35 40 45
{R%/°C temperature

Pl 6l RE A1 T 2= B B AR R R

Fig. 6 Effect of temperature on growth of strains
252 i pH WEHKEKAFmM  WE 7 R,
PIRRETERI IR pH N 5.0~10.0 BYRE3R5&1F FH6E
A, RIS B AT B Y 20 B A R 13 1Y fig
J1o WIRRHE W EGE pH — 3L, YI7E pH A 8.0 B
SEAE 35 B KO (P<0.05), F4EIS 21,
PAIPE 3A K 4G il pH 230020 8.18 F17.99, UiHH
PRBR B A TE R LA il b i 3 R 2 T AR
253 HEXFREROZME 580
WTE 0.5%~4% M ER LR N T AR, Bl |
RN 2%~3%, Ui PR A 3T 1Y ER B
IoF (D 8) o AR B 1 e iB 3h FE AP AE 25 57, TRAK 3A
TEERFE 2.5%, BRAK 4G 7EERBE 3% WO {H 1A e 5

1 E K (P<0.05), 6 il £& Fn s i B i 4 —
B, WE 3A Fl 4G Sl TEERE 2.585% . 2.920%
A A R e

3A  —y=-0.0284x>+ 0.5423x-3.1698x + 5.9556 R'=0.99933
«4G ——y=-0.0186x+0.3186x>—1.5285x + 2.1581 R = 0.99672

10
08
0.6
04
02}~

ODgoo

60 65 70 75 80 85 9.0 95 10
¥4k pH intial pH

Bl 7 pH D 8 2 1 A A R A5
Fig. 7 Effect of pH on growth of strains

0.0
50 55

+3A — y =—-0.0514x*+ 0.1246x>+ 0.386x — 0.0332 R*= 0.97979
¢4G —— y=—0.0574x*+ 0.2333x2+ 0.1056x + 0.0352 K= 0.97222
1.0
0.8
g 0.6
O 04
0.2

[ 2

00 05 1.0 15 20 25 30 35 40
/% salinity

P 8 R X i T BT R A K 4 5 )

Fig. 8 Effect of salinity on growth of strains

26 HEHREBEERKMENSTH

& 9 BT Y B AR S A0 A K i 4R 3R A, K 3A
Zeat 0~4 h WIEIR IS, T 4~12 h E AR AERK
AT, 12 ~18 h ik A T 4ERE 6 h iUFEE W], 18 h
Ja ik AT, Rk 4G 40T 0~2 h B SE ),
2~12 h BEARE, 12~20 h 4 FFaE W, 20 h )5
HEATET- I A BH T BE 15 2 10 [ 2R K 3A 1 4G
PIHA - B WIERI . X . R B
T AR A KA
1.2
1.0
0.8
0.6

0.4
02,

+3A --4G

g
a
o

0 2 4 6 8 10 12 14 16 18 20 22 24
BEFRA}E]/h culture time

PO [T B R L TR A K 26

Fig. 9 Typical growth curves of strains
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3 it

31 BERMEAEMIBELETE

AHIF 5 LA KR W 088 R Ry AR 52, Gl O e R
P [ 2355 % 00 0 AR nifH [ &0 R 3 5 1
RAARRI E 0, 402545 2 T Pk 5 s [
TR B RR: ZERAT 1 (Bacilus sp. 3A)FIAEE &
(Thalassospira sp. 4G), A i &g 55 RIG A Y iE
AL T AP ROIR AN A, WRIRAESRER
AR AR 1K, AT ROC R R R R AR
P R IR T R Y, B A T i A
R B 1) [ 0G4 0 ml 3 ok A A T /A R 25 0
RAB R IETEE, O R IRAE R R G RN
K EBRARZREZ —, FEBFREK T EES
TR, ESE RO PAF X, B
[E R RERNS M AL 1~1.5 f5SHY R KT b7 i
REPY, W R YR bR AR 1 [ RRE S, Rk
T8 7E £ 388 (Syringodium i soetifolium) i 3 R A= 25
G, SRR B AR S AESRE L
AETOREN 8%, B I H g A 7= 1 K -
) IR HE T TR AR, AR R AR B A A e T U
AP, A ST M 8 5 AR PR A5 2 Y
2 BRE R OB 43514 252.21 nmol CoHy/(mL-h)
196.31 nmol CoHy/(mL-h), ¥ 5% TN LT pAR
bR B 45 30 09 [ A REE PSS 156.32 nmol C,Hu/
(mL-h), Guzman 250813 B 48 S 1) w2 AR AE R 1
A B A 1 U S P 201 206.43 nmol CHy/(mL-h)
292.77 nmol C;H4/(mL-h). 460.60 nmol C,Hs/(mL-h),
55 O R Y 2R T A L, RIS AR Y
[ AR H A AR A NERE, 76 R 68wy v R
B RGN EREFRY G EE EEAE.

[ A AR A Y I v e i M 2 2 30
12 X:7¥, Adriana Rojas ZEP2WE9E T 1 A B (Phyll-
obacterium sp.)XF £ 4l 1 AR AR ROR, EBLE &
BRI Hb B — T A B LA A A 3, R MO N = i
WIHE—Z R e i A A 3 R G W g AR PR 0 128 43 2
A5 1) L [ 60t 9 1 1 B AT TR, AR DA AR
bR 43 B 1 4 7 4T 14 (Bacilus sp. 3A) il ¥ Ji€ 14
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Abstract: Seagrass beds are highly productive ecosystems that provide essential habitat and food for various ma-
rine species. However, seagrasses have been declining worldwide for decades because of human activities and
global climate change. The conservation and restoration of seagrasses has become extremely urgent, especially in
China. Recent studies showed that, in the rhizosphere of seagrasses, the organic carbon exudates from plant resi-
dues and roots are an important carbon source for Azotobacter. Nitrogen fixation by Azotobacter could provide
nitrogen for the growth of the plants, thereby promoting the restoration of seagrasses. Therefore, investigating N,
fixation by Azotobacter in the seagrass rhizosphere is essential since it might play an important role in the nitrogen
cycle of the seagrass bed ecosystem. In this study, the growth-promoting activities of the rhizobacteria of eelgrass
Zostera marina was investigated by isolating two nitrogen-fixing strains (3A and 4G) from the rhizosphere sedi-
ments of Z. marina by using N-free medium. Based on the morphology, physiological and biochemical character-
istics, sequence analysis of 16S rDNA, and the nitrogenase structural gene nifH, we identified the 3A bacterium as
Thalassospira sp. and 4G bacterium as Bacillus sp.. The optimal culture conditions for the two Rhizobium strains
were established, and typical growth curves for the two trains were obtained. In particular, strain 3A was a
gram-positive bacterium and had an orange yellow-colored circular colony. In addition, it used D-mannose,
D-melezitose, and L-rhamnose as carbon sources. The optimal growth temperature, pH, and salinity of 3A were
31.49°C, 8.18, and 2.585%, respectively. In contrast, strain 4G was gram-negative bacteria and had milky circular
colony. It could use a series of hydrocarbons as carbon sources, such as D-cellobiose, D-glucose, D-maltose, su-
crose, D-mannitol, and D-trehalose. Its optimal growth temperature, pH, and salinity were 37.27°C, 7.99, and
2.920%, respectively. Previous studies have shown that Thalassospira sp. can promote seagrass growth and in-
crease the content of carotene, soluble sugar, and other substances, indicating that this species is a kind of
growth-promoting bacteria. Nitrogen-fixing Bacillus sp. is a typical plant growth-promoting bacterium with strong
stress resistance that can produce beneficial plant growth-promoting and antibacterial substances. The nitrogen
fixation rates of 3A and 4G were 252.21 nmol C,H4/(mL-h) and 196.31 nmol C,H4/(mL-h), as revealed by the
acetylene reduction method. Comparison with the nitrogen-fixing bacteria reported in other studies revealed that
the two strains isolated in this study showed good nitrogen fixation ability. Under suitable growth conditions, the
two bacterial strains exhibited logarithmic phase proliferation. Accurate positioning of the bacterial growth loga-
rithmic phase and elucidating the growth characteristics of the bacterial strains could provide basic data for the
production of bacterial fertilizers in the future. The bacterial strains obtained in this study might be applied in the
future development and application of microbial inoculants and seagrass Azotobacter fertilizers, thereby benefit-
ting the recovery of Z. marina beds in the future.
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